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Description 

[0001] This invention relates to a mathodlor making 
aerated ice-creams, chocolate and k&loKtes and 
an apparatus for making m Mm. $ 
P0O2J In the prediction ot tee tofe a flavoured liquid 
is poured into moulds each compr^ng several huncfe^ 
cavities The moulds am than placed inside a rofhgera- 
tor and M until the flavoured lio^id has frozen through- 
out The moulds are then removed from ih$ refrigerator w 
and inverted. A stream ot warm air is then biown onto 
the back ot the moulds to melt the outer surface of the 
lories. As the sumacs melts the Miiess^de downwardly 
out ortfteir respsiclsve cavities, 
[00033 It wi be appreciated that the application o? 
warm air requires heat to be appose* to the maukis 
which then has to be taken out when the moulds am 
subsequently cooled. Furthermore, any sculptured fea- 
tures in the looses become blurred and $ defined due to 
surface merSn& 

Various means have been tried to testate 
removal of the mm from their moulds without warnv 
lag; Such means inctude coating the surface ot the 
mould with a low friction coating, tor sxampie TEFLON 
(filU), and coating tfle moufd with an organic reiease 
agent These attempts have however been totally 
unsuccessful 

fOOOS] In FR~A>0132 412 thaflavoured liquid is poured 
*nto moulds which are continual cooled by brine at a 
temperature of from -WC to -30*C The ice lories are 
remove from their mouMs by the application of 
meohanicai compression torces. 
[0006] We have discovered that there & a direct cor- 
rection between the rate at which an aqueous solution 
is coded arid tie propensity of the frozen iiqusd to 55 
adhere to a surface. In particular, as the rgtg at wrnch 
iiqufc; is teen is increased the tendency of the teen 
liquid to adhere to -a surface decreases This was some- 
what unexpected since in "The Phctson and Lubrication 
of Solids* v . Fart I \ t Chapter VJII, Oxford University Press. : 
Messrs. Bowdan and Tabor observed that when a liquid 
was frozen m contact with a biock the adhesion between 
the frozen iiquld and the block increased as the temper- 
ature decreased 

[0007] in the case of m k>Mm t we have found that if <m 
the initiai m& of cooling Is sufficient the moulds can sim- 
ply be turned over and the teen ioiiies fall out fa $ma& 
tap sometimes hsinc, necessary); 
[0008] This hag sgnjfsdani energy and throughput 
consequences. In particular, energy does not have to be so 
wasted heating the moulds to reiease the Mies and 
then retooling the moulds. Furthermore, time does not 
have to be wasted heating the moulds, 
[0009] There is bovver a second consideration In 
particular, if the inlM M§ of cooitng is too high the sfr 
lies orack as they freeze and the product leaves the 
mouid in sever*! pieces. 

[001 0jj rr w& be appreciated that the present invention 



is not limited to the production ot ice Mies and is 
equally applicable to all aqueous products and . in par- 
tfcutar, water cc^taining foodstuffs including chocolate 
ices, ft is also applicable to the freeing of water con- 
taining prrarmaceutical products 
|00i 1 3 WO/90 06693 discloses that the adhesion of 
pre^shaped water containing goods to a conveyor belt 
can be reduced by pre -cooilng the conveyor before the 
water containing goods ate brought into contact wrtb the 
conveyor. Hwever r the disclosure does not specifically 
address the prcduotson of ice toilies and does not recog- 
nise that there is only a narrow band of temperatures 
over which easy release can be obtained with tack of 
structural damage 

[00 t2| According to one aspect of the present mm* 
im. ihem is provided; a method of making an aerated 
ice cream or chocolate ice by freezing an aqueous .liq- 
uid which method comphses the steps of : 

a) pre-ceo&ng a mould to a tempera&ire which is 
sufficiently coid such that the frozen aqueous liquid 
can be readily released from said mo* and which 
is at or co^erthan ~W0 but which is not so coid 
that fte frozen aqueous liquid is subjectlo struc- 
tural damage; 

b) introducing the aqueous liquid into said rnouki; 

c) aSlowinrj at least the aqueous liquid rn contact 
wrth said mould to freeze; and 

d) releasing said frozen aqueous ^ 
nioufd. 

^001 3] According to another aspect of the present 
invention there is provided a metiod of making an ice 
iolly by freezing an aqueous iiquid which method cam- 
pnsesthest^psof: 

a) pre-ooo§ng a mot3id to a temperature whid^t Is 
suff^ently cold such that the teen aqueous liquid 
can be readily released from said mould and which 
is at or ccirjar than -60 tf G but which is not colder 
than -85*0 so that the frozen aqueoys tiquid is not 
subject to structurai damaga; 

b) introducing the aqueous liquid into said n^uid; 

c) atetng at least the aqueous iiqud in contact 
with said mould to freeze: and 

d) releasing said frozen aqueous liquid from said 
rnouid. 

[0014] Advantageousry; tie surface of the nioufdi 

tended to contact the aqueous liquid is NOT coded 

Mow »m*0 and preferafoiy not below SQ«C to snhioit 

structural damage to tha h ozm products 

|{J01 5j Advantageously, said rnou?d is pre-cooied to a 

temperature of frarn -70 C C to -80*C 

|001 6] Because of the necessity to warm prior art 

moulds it has been customary to make the moulds of 

roiativeV thin material, for sample aluminium or stairs 

l^ss steel with an average thickness of about 0 5mm In 
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contrast, moulds for carrying out the present invention 
preferably have a relatively high thermal capacity to 
ensure sufflciemiy rapid cooslng. Typtcairy, the moulds 
w$ be made from aluminium or stalntess steel and mil 
have an average wm thickness of at least 1mm, and 
preferably at least 2mm, 

[0017] If desired, the moulds may contain passage* 
ways for the passage of a coolant therethrough. 
[0010] The aqueous liquid may contain sugar it 
desired, 

[001 9] Tne aqueous liquid may be allowed* to remain 
in the mould until tears throughout, However In (he 
preparation of chocolate ices a charge of viscous choc- 
date may ba poured into a mould the surface of the 
chocolate frozen and tha mould careJdJy Inserted to 
allow the unfrozen aqueous liquid to flow from the 
mould A different itquid or pasty product may then be 
poured info the crust and whole aj lowed to freeze 
throughout before inversion of the mould and reieaseof 
the contents with a sharp tap on the mould If sho* be 
noted tot careful temperature control is nectary m 
this process to ensure that there is a little adhesion' 
between the chocolate and the moulds so that the 
crusts do not M out of their cav^es during the first 
inversion 

p)20j Jh% present invention siso provides an a^ara- 
tus ^br carrying out a method in accordance with the 
invention, wbich appelate comprises a vessel, a mould 
dividing said vessel into an upper portion and a tower 
portion, means to admit a coolant Into said lower por 
tioo, means to withdraw cooiant from said fewer portion, 
means for Ming said cavrties with ice lolly solute, 
means for moving said cavities, means tor inserting 
sticks into said cavities downstieam of said fiing 
means, and means lor withdrawing frozen ice ioifies 
from said cavities, and means for cooing said coolant 
with liquid nitrogen, bharaeterteed by said mmM having 
cavities made from tsefmaify cctfductive materiai and 
having an average thickness of at ieastimm 
(&0S1| Reference is made 10 "average thickness" as 
roctaifds with fins designed fo create features in the sur- 
face of tie ice lollies are Mown, However, the distribu- 
tion of such fins in moulds known to the inventors is 
sparse. 

[0022] Preferably, said average thickness is at least 

[0Q23J AoVantageousiy said Inermaity conductive 
material is selected from the group comprising stainless 
steel, copper, abmhTlum. brass and mixtures thereof 
[0O24j Preferably, saM mould has at least one pas* 
sage to allow a cryogen to pass therethrough, 

if desired, sa>d cavities may. in use e be cooled 
by parM immersion in said coolant Alternatfyefy, 
means may be provided for spraying coolant against 
cavities. 

[0026] in a paitrcularly preferred embodiment, the 
coolant b only used for part of the manufacturing cycle, 
the balance of the refrigsraSon being provided by a 



mechanical refrigeration unit in such an embodiment 
the coolant might be used for pre-eooiing the moulds 
and, optionally during one or more of the following 
steps:- 

5 

1; filling the cavities< and 
2, initial cooling after filling, 

[00271 Fr efera% said apparatus includes means for 
to introducing nrtrogen from said cooling means into the 
upper portion of said vessel, 

Advemageousiy, said means for moving said 
oaviiias confpfises a stepping rnotor 
{0929] in another embodiment, said apparatus com- 
m prises a tunnel, a mould in the form of a continuous beit 
mounled in said tunnel said mouid having a piuraiity of 
cavities therein, means to admit a coolant into sajd tun- 
nel means for fiing said Gavitses with ice lolly solution, 
means for moving said cavities anci means far inserting 
.20 sticks into said cavities downstream of said filling 
means. 

IO030J For a better understanding of the invention ref- 
erence will now be made to the following Examples and 
the accompanying drawings, In wNch> 

Figure 1 is a schematic drawing of our test appara- 
tus; 

Figure 2 is a graph lowing the effect of pre-cooling. 
on ac^esfon; 

so Figure 3 is a schematic vertical cross^seclion 
through one enwdiment of an apparatus in 
accordance with tie invention; 
Figure 4 is a schematic vertioai oross^section 
through a second embodiment of an apparatus in 

35 accordance with tie invitation, and 

Figure 5 is a schematic plan view of a ibifd embod- 
iment of an apparatus in accordance with the inven- 
tion 

<® &% &M PIB 1 - A mufti-cavity mould of stainless 
steel approxtmatefy 2mm m thickness and at room 
terr^emture was filled with a solution of 10% (by 
volume} gelatin in water. The mou^d was placed in a 
mechanicai refrigerator at 20^C and teft for 4 hours 

46 to freeze throughout . 

On inversion of the mould the loifies remained 
fast in the mould and could not be rarnoved even 
when the moub was tapped with a smali hammer. 
EMMBc^ J. * The procedure of Esampte i was 

so repeated but usrng soiid carbon dioxide at -SG*€ as 
the refrigerant. Again ti® follies coufd not be 
extracted from the mould, 

MMMSLI Jl " The procedure of Example 1 was 
repeated except me mould was cooled by being 
$5 lowered info a bath of liquid nitrogen at -i 36*0- On 
inverting th© rnoutd the ioilles remained in pi ace. 
They also remained! in piace even when ifce mould 
was tapped v^gorousiy 
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EXAMPLE 4 - The procedure of Example 2 was 
repeated except that the mould was pre-cooied to - 
S0*C prior to adding the ifejutt The b$e$-tfd not fall 
out of the moulds m iwemm but did fail out when 
the mould -was tasked tn rnJy. $ 
EXM$BJL& - The procedure of Hxampie 1 was 
repeated except that the mould was pre-eooied to - 
70*€ by exposure to vapour from Itqusd nitrogen. 
On inverting the mould some of the lollies dropped 
straight out and the remainder feJi out when the "W. 
mould was iappsd 

EXAMPLE € * The procedure of Example 5 was 
repeated except the mouid was replaced by a 
mould of stainless steel having a wall thickness of 
.tarn On Averting the mould most of the jollies : ?s 
dropped straight out and the remainder flowed on 
gently tapping the back of the mould. 

From the above examples we deduced that the 
rgMatvyhicn jieatts extracted from the liquid is crit- 
ical It will fee notad that although the mould in w 
Example 3 was plunged In liquid nitrogen >i 96*0} 
the cooling rate was inari^uala 

Cteaf \y> from Examples 1 Id 3 the cooSsng rate 
was too low whilst In Example 4 to 6 the cooling rate 
was sufficient, .ss 

To test our hypothesis the apparatus shown in 
F^ure 1 was constructed, The apparatus, which Is 
genially identified by reference numeral I com- 
prised a brass block 2 weighing approximately 
1,5kg: a tube 3 .of plastics materiai 12mm In diame- .so, 
ter : a 'spring balance 5; # tension wire 8 and a rod' 7 
Mm projected through holes In the tube 3 as 
shown. 

In use, brass block 2 was placed in a refrigera- 
tor sd to a parteiax temperature for severe; hours :?s 
until the brass block 2 was at a uniform temperature 4 
throughout The brass block 2 was then removed 
from the refrigerator and the tube 3, complete with 
the rod 7 and tension wire pteed tereorr. 

5ml of an aquec^s solution of 10% gelatin (by *c 
volume} was then poured into the tube 3. The 
arrangement was then reamed to the refrigerator 
and left lor several hours for the solution to freeze 
throughout 

On removal from the refrigerator the tension <?s 
wire was connected to the spring balance 5 whtt 
was raised slowly until the frozen solution sepa- 
rated from ibe brass block 2> The maximum reading 
.Of the spring balance 5 was recorded. 

The procedure was repeated several tfrnes ai so 
various temperatures and the adhesive force (the 
reading on the spring balance 5 less the weight of 
the lifted mass) recorded, 

The results are shown in Figure 2 

tt will be noted tot although there is a spread ss 
in the results, particularly at higher temperatures, 
the adhesive force reduced very substantially as 
the tesrperatiire of the brass block 1 was lowered 



When the brass biock 1 was pre-cooied to - 
TO^S no adhesive force oouid be measured with the 
spring balance $. 

in view of the work of Bowden and labor we 
concluded tow temperature ftsetf is not the 
determining factor but the RATE of cooling. II wilt be 
appreciated that in the e^eriments described 
above the i 5kg mass of the brass block 2 was suf- 
ficient to provide an essentially constant tempera- 
tore source for freeing. 

The calculated cooling rate In the liquid tmm 
from the Interface between the liquid and the mould 
has been indicated In Figure 2, It will 1 be seen that at 
a cooling rate of greater than S50 q C/mth the adhe- 
sion is minimal. 

Transferring the above data Into the commercial 
freezing of ice lollies it should be recalled that when 
the moulds are inverted the ice lollies have a certain 
mass. However; and far more significantly; if the 
moulds are pivotaJty mounted and are allowed to 
drop against a bar when the mould is inverted the 
impact will release the ice Sollies even though they 
adhere to some extent to the moulds. 

Quite ac&ept&fela cooling rates i mm beneath 
the surface wou^d be of the order of 650 to 
TSO'C/min 

As Indicated above the cooling rate need only 
be sustained sufficiently iong to ensure the forma - 
Son of a frozen crust the interna! freezing can 
proceed at a more leisurely pace If desired. 

Obviously, the rate ol oooilng sustained must 
be sufficient so that the heat, remaining in the ikfuid 
does not melt the frozen crust. The heat transfer 
rate to be sustained depends on the thermal con- 
ductivity of the liquid, for example an aerated ice 
cream has far lower thermal conductivity than a 
sufjarsolutolbr making iceiofc 

An interesting advantage of the present inven- 
tion Is that whereas the shape and conjuration of 
features on the surface of lollies removed from con- 
ventional warm air released moulds is generally 
barred, the te&tures on the surface* of lollies frozen 
m accordance with the invention is extremely sharp. 
In this connection, ice tollies and chocolate ices in 
the shape of animals, birds and figures are becom- 
ing increasingly popular. Such shapes are made 
using moulds having parts which can be physically 
separated to release the teen product 

The present invention envisages a mould 
which, uniike prior art moulds, which are relatively 
thin, is relatively thicfc and has channels therein for 
the passage of a cryogen therethrough, however, 
ror high production rates it may be preferable to 
either panMly submerge the moulds in a liquid cry- 
ogenorspray them with liquid oryogen 

Whilst we would strongly recommend liquid 
nitrogen as the source of ore^cooling the moulds 
other crypgens could also be used. Solid carbon 
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dte<tde might commercial be used although the 
majority of . normal f^frigerants would not lower the 
temperature of the moulds suBirisntSy to be effec- 
tive in a commercial environment without the use of 
comply energy epn^ refrigeration systems. 

Whilst Examples 1 to 6 dearly show the impor- 
tance otpre* cooiing the moulds to facilitate release, 
further work has shown that if the mouicis are 
excessively precooied then the frozen product is iia* 
hie to suffer structural damage. 
EXAMPLE ? - A mould of starless steel approxi- 
mately 2 mm Ifi' thickness was placed in a liquid 
nitrogen refrigerator set to -90*€ overnight so that it 
had a uniform temperature a! *90 ff €. The mould 
was intended for making rocta shaped ice MOes 
■having a syilmfricai body approximately 10 cm long 
and 12 mm in dismeter. A solution of 10% (by vol- 
ume) gelatin in water was introduced into the 
rooufcf. The water mpkily froze. However^ during 
freezing there was a sharp aud$&e crack. When the 
mould was inverted about two-thsrcfe of the feody M 
out followed by the top one-third as a separate and 
distinct piece The product was thus unniarKetsbsa 
EXWj|PLE S - The procedure of Example 7 was 
repeated severa! times except the mould was pre- 
cooled to -66^C. The results at this temperature 
were varied. Seven samples broke in two with a 
muted orack Five sampies appeared quite saWac- 
toty 

EXAMPLE § - The procedure of Example 7 was 
repeated several times except the mould was pre- 
cooled to -80*0. All the ice lollies produced were 
found to be structurally sound 

[0031 ] ftorrc the results of Examples 7 to 9 it is dear 
that excessively rapid cooling ss undesirable It Is antici- 
pated that thejowest tarnperature to which a mould can 
be pre*a>o*ed may vary a little according to the compo- 
sition of the aqueous product 
[0032] in the commercial production of ice lollies using 
one know machine; the mouids are partly f illed with 
liquid at a Ming station. The stacks are thenlowered Into 
the cavfe and held m position untii the ice Mm are 
teen throughout The moulds are then warmed and 
the ice Mm lifted out of their cavities by their sticks 
when the moulds have been warmed sufficiently 
[O033| When adapting this production technique for 
the present Invention we have noted that when the 
sticks are inserted into the aqueous liquid part of the liq- 
uid is displaced and cornesinlo contact with the wail of 
the cavity. 

[00341 ltiS-^fticMftrfy''^pt^f^'tp «5syr0. that the 
mmte has sufficient thermal conductivity to ensure that 
this displaced fc$M is sufficiently rapidly cooled when it 
comes into contact with the waft of the cavity that it does 
mi materially adhere thereto. 
(00351 During the manufacture of ice follies, theaque* 
ous liquid is typically pre- cool eo to dose to its freezing. 



point prior to being introduced into the moutds. The 
whole conventional process from introduction of the 
aqueous liquid to withdrawal of the frozen ice Icfcs typ- 
icatiy takes about 4 minutes in contrast, the present 

■s invention typically reduces this time by nearly one haft 
|0036] it wist be noted that accurate temperature con- 
trol is Important to the success of the present invention 
and it is recommended that the moulds themselves be 
cooled by a liquid such as OQWTHERM (RTM)> roetha* 

■19. nof of 8YLJHEBM XLT (RTM) whose vexing tempers 
tyres are -78*0, -85*0 and <11G*C respactivefy The 
liqykj itself should be cooled by direct or indirect heat 
exchange with liquid nitrogen 
[0037] Referring now to Figure & there is shown an 

rs apparatus tor the continuous production of ice lollies. 
The apparatus, which Is generally identified by refer- 
ence numeral 101 comprises a vessel 102 which is 
divided into an upper portion 103 and a Sower portion 
104 by a mouid 105 containing a multiplicity of cavities 

m 106. 

1003S] The mould 105 is fabricated from stainless 
steel and is generally 2 mm In thickness. When viewed 
from above the mould 1Q5 is of circular cross-section 
and can fee rotated relative to the vessel 1 02 by means 

2§ of a stepping motor 1 07, 

|OO30i In use, liquid nitrogen is admitted to a heat 
exchanger 108 via a control valve 109 The liquid nitro- 
gen cools a stream of coolant (SYLTHEFtM XLT "(BTM}) 
from pipe 110 to -8£°C The cold coolant leaves the heat 

m exchanger 108 Mav$h pipe til and is admitted to the 
lower portion w of the vessel 102, 
100401 it will be noted that the lower portion 104 ot the 
vessel 102 is of substantial volume and this provides a 
suPstantiaiiy constant low temperature source for eoof 
ing the mould 10$. The coolant leaves the lower portion 
104 oi the vessel 1 02 through pipe 1 1 2 and is fed to the 
inlet of pump 1 13 which continually circulates coolant 
through the vessel 102. 

|Q041] The temperature of the coolant in pipes 111 
40 and 112 is measured by temperature sensors 11 4 and 
^15 respectively and the control valve 109 Is opened 
and closed as a function of the temperaUire sensed by 
the temperature sensor 11 6 and the difference between 
temperature sensor 115 and temperature sensor 114 
45 {00423 In use, the apparatus 101 is first cooted by the 
coolant. 

loe loliy sofution is then pumped from chief 
116 by gear pump 117 to a valve 1 18 When valve 1 18 
is dosed the solution passes through pressure relief 

bo vafva 1 19 to the chistar 1 m. 

J0CJ441 Stepping mam 107 is actrvaM 3t regular 
intervals to rotate the mould 105 by & fuced amount As 
each sat of cavities 106 stops bansath dispenser 
assembly 120 vafve i 18 is opened for a fixed period of 

m time during which the oavrties 108 arefiiled to i cm from 
the top, 

100451 The ice lolly solution immediately starts 1o 
freeze and by the time the oavi^es 106 have been 
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advanced m times by the stepping motor 107 the ice 
Ititly sofciiferi has formed '-a- crust adjacent the cavities 
106 although the ice Solly soM&n in fhe centre of the 
cavities 1 06 m $0 slushy. 

£0046] At this time Sticks ar e inserted into the cavities 
1 0S at a stick insertion station (not shown}. The sticks 
penetrate the slushy liquid near ihe bottom el fhe cavi* 
ties 106 and, by the time the sticks are releasee* before 
tn& next stepptng aeration ar e hsld securely in plac& 
I004?5 After a further ten stepping operations the 
sticks are gripped and the whoie frozen ice lo&es with- 
drawn upwardiy from the cavitfelOS. 

The cavities 1 0S are then re-cooled to their 
origin! temperature during ihe next tour stepping oper- 
ations after which the process is repeal 
{ 00493 The entir s process from injection to removal 
takes 100 seconds. 

[QOSOJ In order to inhibit ice forming inside the vessel 
102 gaseous nitrogen from the heat exchanger 10$ is 
passed through pips 121 into the upper portion 103 of 
the vessel 102 and then vented to atmosphere via to 
12S and vent 123, 

[0051] Whilst the cavities in Figure 3 are cooked .by 
Immersion in coolant it would equally be possible to 
spray the cavities with sufficient coolant. 
{00523 Turning now to Figure 4 , there is shown an 
apparatus which is generally similar to the apparatus 
shown in Rgyre 3 except that the lower potion of the 
apparatus le divided into two zones, one of which i dZ' 
uses cooiant M recti y cooled by fiqdd nitrogen and the 
other of which 103° uses coolant indirectly cooled by a 
mechanical refrigeration unit (not shown). The zones 
103' and I03 v are separated by walls ar*£ cool- 

ing Is effected by spraying the coolant in each zone 
against tie cavities as they pass through the zones, 
|Q0§3] Briefly, as the cavities pass cioc&Mse over wait 
i35 they are pre cooled to approximately -$£°C. The 
cavities are then f illed with pre chiiled ice lolly solution 
at titling station 127. The filled cavities ate then further 
cooled by liquid nitrogen cooled ooolant until they pass 
over waif 126 At this point they are cooled by sprays of 
the same odo^ ant indirectly cooled by a mechmo^i 
refrigeration system to a somewhat warmer tempera- 
ture Sticks are inserted at slick insertion station 128 
and after substantially compete cooling the frozen ice 
lilies are removed m removal station 120. 
|0054] By using liquid nitrogen for providing the sower 
prB'Coc-ling temperature required and mechanical 
refrigeration for provtd^glhe sn^depth freezing the over- 
ail process beoomas extremely attractive, 
19055} Referring now to Figure 5; tftereis shown a tun- 
nel freezer which is generaiiy identified by the reference 
numeral 201 

|0056] The tunnel freezer comprises a Urn m\ W£ ftm- 
ing a belt 205 provided with a multiplicity of cavities 206. 
£0057] In oss liquid nitrogen is introduced into the tun- 
nel 202 via valve 209 and. spray header 210 to maintain 
the interior of the tunnel 202 at epprowmatery ^4*0 



|0DSa| The cavities 206a are thus at approximate^ - 
§4*C as they pass under dispenser assembly 220 which 
substanfsaliy lilis the cavrties with ice lojiy solution. 
[00593 As the mtmm 206 move along the tunnel 202 
$ in the direction oi arrow 'A 1 the liquid immediately adja- 
cent the cavities 208 forms a crust whilst the liquid 
inside becomes sJushy 

100603 At this point a stick inserter 224 inserts sticks 
into the slush, freezing is then completed as the cavi- 
w m$ pass out of the end of the tunnei 302 where they 
simply fall out of the canities as they pass over drive 
wheel 225. 

[0001 1 Tfte tunnel 202 is provided with an extract fan 
222 and vent 223 The tunnel 202 is also provided with 

is mixing fans 226 to indue© turbulence in the tunnel 202 
and thereby enhance heat transfer. 
|0Q62J Whilst the apparatus shown in Figure 3 is 
intended for producing high quality ice lollies which can 
be sculptured to some extent the apparats-fs shown In 

20 Figure 4 is intended fof the inexpensive production o? 
simple ice Wes. 

[0003] in the Examples di^iosed the temperatures of 
the cavities were measured using a thermocoupie on 
the inner surface o^ thecavity; Le , the surface which the 
S5 aqueous liquid c«acis. 

Claims 

t « A method of ma&ng an aerated ice- cream or choc- 
no date ice by freezing an aqueous itquid L which 
method comprises the steps of: 

a) pre-cooiing a mould to a temperature which 
is suficientiy ooid such that the frozen aqueous 

$$ liquid can foe readily reieasod fen said mouid 

and which is at or colder fen -60 y C > but whion 
Is not so coid that the frozen aqueous liquid is 
subject to structural damage: 
o) introducing the- aqueous liquid into said 

40 mould; 

o) ..allowing: at least the aqueous liquid in con- 
tact with said mould to freeze; and 
d) releasing said frozen aqueous liquid ton 
said mould. 

4$ 

2. A method of making an ice lolly by freeing m 
aqueous liquid, which method oorrprises the steps 
of: 

m a) pre-eoofing a mould to a temperature which 

is suf icientiy cold such that the teen aqueous 
liquid can be readily released from said mould 
and which m at or cotder ten -60*0 but which 
is not colder than *3$*C so that the frozen 

55 aqueous liquid Is not sifcject to structural daav 

age; 

h) introducing the aqueous liquid into said 
mould; 
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cj allowing at least the aqueous HquicJ trt co*> 
tact with setkJ mould io if mz§ ; and 
d} leasing said frozen aqueous liquid from 
said mould. 

$. A metnod according to any preceding C-tesm, 
wharem such moyfd is not ore cooled to fewer than 

A method according to Claim 3< ciwacterized in 
that saM wi*Jd is not prs-cooted to a temperature 
lower than -BO^C. 

& A method according fo Claim 4, characterised in 
that said mouid *s precoafed to a temperature of 
frdm^C *0<e&*& 

6. A method according to any preceding Claim, char- 
acterized in that at feast par* of said mould has an 
average v^ll thtckn^s of at least 1mm, 

7. A method according to Claim 6, characterised in 
that at l east part of said mould has an average wall 
thicfcrressol at least 2mm, 

$, AmetJodasci^medinany pr^ading Ciasm, char- 
acferized in that said aqueous liquid contains sugar. 

9. A method according to any preceding Claim, char- 
acterized in that only the aqueous liquid adjacent 
the mould Is allowed to treese to form a crust and 
that said method indudes the step of extracting 
(unfrozen) liquid from said moulds so that said crust 
forms a shell. 

10, A method according to any pracadlng Claim, char* 
acter&ed in that said cooisng rate in said liquid .1 mm 
from the interface between said liquid and said 
mould & at least 650^C/mln m teas; during initial 
freeing. 

11. A method according io Claim 14, charader^ed in 
that said cooing mte is at least 750*€/rnm 

12, A method according to any preceding Claim, char- 
acteozed in tnaUhe rale of heat transfer subse- 
quent to the -formate of an initial frozen crust Is 
maintained at a level sufficient to prevent the thaw- 
ing of said crust; 

1& A method according to any pracedsng Claim, char- 
acterized in that said mould is inserted to release 
said frozen liquid from ^aktmosM 

14> A method according to Ciaim 13, wherain said 
rnousd k jarred io laei&ate the reieasa of said fa> 
sen fiqufci 



1& A method according to Claim u. wherein said 
mouid is droned against a bar as it is inverted to 
facilitate the release of said frozen iiquid. 

s. t$. A method accordtng to any preceding Claim, inolud^ 
ing the step of using machanioai refrigeration lo 
neip freeze said aqueous liquid after Introduction 
into said mould. 

W 17, An apparatus tor carrying out a method according 
to Claim 2, said apparatus comprising a vessel 

(102) , a mould (105) dividing said vessel (102) into 
ah upper portion (103) and a lower portion (104) ; 
means (1 11) to admit a coolant into said tower por- 

is lion (104}, means (IIS) to withdraw coolant from 
said lower portion {1 04} } ■ means (1 20) tor filling said 
cavities (108) with ice lolly solution, means (1 07) tor 
moving said cavities (106), means for inserting 
sticks Into said caries downstream of said filling 

■.so means (120) : and means for withdrawing teen ice 
lollies from said cavities (105), and means (108) for 
cooling said coolant with liquid nifrogen, character- 
j?ed by said mould (105;2Q5) having cavities 
(106:206} made from themialiy conductive material 

& and having an average thickness of at least 

18. An apparatus as claimed in Claim T>\ wherein said 
average thickness is at least 2mm, 

ss' 19, An apparatus as cla imed in Claim i ? or 18, wherein 
■said thermaiiy conductive material is sefected from 
the group comprising stainless steel, copper, alu- 
minium, brass and mixtures thereof, 

3$ 20. An apparatus as .claimed in Ciairo I7 r 1 8 or i 9, 
wherein said mould has at feast one passage to 
allow a cryogen to pass therethrough. 

21. An apparatus as claimed In any of the Claims 1 7 to 
40 20. including means tor spraying coolant against 

said cavities. 

22, An apparatus as claimed in any of Claims 1? to 21 , 
induing means lor dividing said iow^r portion info a 

4$ first zone (103 ) to be cooled indirectly by said liquid 
nitrogen and a second torn {1Q#} to be cooied 
Indirectly by mechanical refrigeration. 

23- An apparatus as claimed in any of Claims 17 to 22, 
m including means (121) for introducing nitrogen from 
said ooaiing means (108) into the upper portion 

(103) of said vessel (102), 

24. An apparatus as claimed in any of Claims 17 to 23 f 
55 wherein said means for moving said cavities (106) 

comprises a stepping motor {107}, 

25. An appamtus as claimed in any of the Claims 17 to 
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24. comprising a mm\ {202), a mould (205) in iha 
form c-f a continuous tsei mounted in. said tunnel 
(202), said rnoUd (205) having a jMuraf % of mMm 
(206) teeia means (209.210) to adm*! a cootent 
im ssitd tunna^ (202), maam (220) fer f Slirtg said 
cavities (206) with ;ca tolly solution, means (225) lor 
moving sakTcavlfies (206) arid means (224} for 
testing sticks into s^id ca^it^ (206) ckMnsiraam 
of aasd filing means 1220). 

Patantsnspr&efte 

1> Vsftanran ;>ur Harataliung von ^uftvarse&far Bs- 
crcsme odar SqhokQiadanafe duroh Gefneren aw 
wasser^en ■ 'Rctsagtert, wobas das Vertahreri die 
Schnfte; 

a) das VorfcOhians mm Form auf we Tampa- 
ratur. die s^sraicband kaMst. so daB dia gefro* 
rem w&saeriga F&ssfgkM leicht von basagtar 
Form afegescst warder* fcann r und die bai Oder 
k&fter aia -60 c '0 is*, abar nmt so kaft tet> daB 
die gelromne w^serige FiOssigkait strukturai* 
Earn Sehaden untefwojien M< 

b) das enbringans dar w£ssan§en FiDssigteit 
tnbasage Form; 

c) das Gsfrierenlassens Wensgstans dar Was- 
Form unci 

d) das AbtOsens besa^tar pafroranar wSssan- 
gar RO^0^eft von beaagor Pbrm umfaBt 

2, Vedahran zut Harsteiiung einas Es^utschers durcH 
Gafmrarvalnar w^saertgen Hussigkeit, wohei das 
Verfaftren dte Scbritta: 

a) das Vbrkuhians emer Form &uf Sine Tampa- 
ratur, da ausmchend kaft sst. so da§ die gate 
rene wasseriga Russtgkeit leicht von besagter 
Form abgaiast wercfe kann. und die bsi odar 
kate als m ist. abar nteht k$t?r ais m :, C 
i$f. sodaB dig gaferana wassariga Fi3$$i$k&$ 
struktu^Hsm Schadan mcnt yntarwadan 1st; 

b) das Finbrsngans da- w&ssanpn Bim^&st 
m basagte Form; 

of das (Mrmmamms mngmm dar Was- 
serigaH RQssjgksil in Kont^t mit basagtar 
Form und 

d) das AbiOsens basagiar gaff oranar wassari- 
gar Ri3ss*§keft von besagiar FbrmumfaBt 

3, Das VanMtren naeb einam vorstehandan 
Anspmen. dadur^ g^nn^chriet daB afie m\~ 
cm Form nicnt axrf Wanigar ais -85 e C wgekuhlt 

4, Das Verf&hien nac^i Ansjxuch 3, daduroh gek^nn- 



rstur Wan^&r ais -80 *C vorgekQhJf m. 

S. Das Verfehmrt nach An^ruch 4. dadureh getai- 
20ichnai daB bgsagta Form ml «a Tbrnpsratur 
$ von -70 *C o<s -80 ft G vofgak«t .M 

8. Das Vad&ftren nach jeoem wslshandsn 
Anspruch, dadurch gekannz^ohnef, daB Wenig- 
stens ain Toil der besagtan Form aine mi!tlera 

•c- WMstsrfcs von wensgstena Imm ha 

7, Das Va^hran nach Anspriich 6, dadurcft gakann- 
^a^chnat. daB wentgstens ain T&& der basagtan 
Form atne mittlera Wandsttrka von Wanigstans 2 
ti"> mm hat, 

Das Vadahran nach jadam vorstahandan 
Ansprueh, daduroh gato^ofcnnat, daB basagte 
W&ssadga FlOssigkait Zuckar entb^Jl 

9. Das Vadanran nach jadam vorstaha^an 
Anspruch, dadureb 9ekann2achnat i daB r?or dar an 

Form angranxar>dan W^ssadgan Ftesigkast 
arlaubtwi^^u^afriaran, urn einan Ubaoug zu dih 
den ; und daB b^sa^tas Vestahren dan Schritt 
Ext^hiarem dar (ungelroreBan) Ffdssigkait aus 
basa^tan Forman amao»m, ao da6 beaagtar 
Uba^ugafna HMabsEdet. 

^ 10, Das VadaNan nach jedem vo^tahanda^ 
tepruon, dadofcfi gakanmaichnai, daB basalts 
KDhigBsohwindi9kait - m basagtar F&ssigkait 1 mm 
von dar <&an*f!&cha ^sdhari baaagtar Fi»#eit 
und basaatar F(xm Wansgatens $5D *C/min wenig- 

55 ste^s Mhrand das Antogs§afr terens M 

11. Das Vsdabr^n nach Anspruch 10. dad^rch gakann> 
salciinet, daB bssagiB KOniga^chwindsg^a^ wariig* 
slans 750 *C/mirnst 

12. Da3 Varfabran naxbf^darB vorste^^rvdan An^prucb, 
dadui^h gekannzaschnat daO die Gasc^wMsgkait 
das WSrm^ransfars anscbissBand an dm Siidung 
das anfangBch gafroranan Obsr^ugas aaf sin^m 

45 m^sreschanden Nivaau galialtan w% urn das Auf 
tauan das basagtan Ubaraiugas varhindam, 

13. Das Verlahran nach jedam vorstahaalan 
Ansprucn, dadorcb gakennzaichr^t, daB basagta 

so Form umgedratht wtrd, um basagia gsf rorana F^;^ 
sscskait von basagtar Form abzuloaan. 

14. Das Vadahrsn nach Anapr^ch 13, dadurch gakann- 
^aichnat, daS basagla Form garutlait wit& urn das 

$$ Ai^dsan dar dasagtsn galrorenan ROss^katt zu 

15. Das Vadabran nach Anspruch 1 4 V dadyrch gaksnn- 
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saidhnat da$ besagtg Farm gsgan amaro Stab fal- 
fengeJassen Wird, wann sla umg^ghi wlrd v 
das A$OS£n dm bgsagtan gatoansn FJGs&gkait 
zu armdgfjchsn. 

18, Das V'edate mch jadarn vorsa*hand$n 
•Snsprucfc. dadurch ga&ennzgjchnai das m dan 
Schrftt das Verwandans nmlianischar KunJung 
BinscHieBi, um das Gaff isran baaagler W&saangaf 
Russigksit nach darn Einbrtriggn in basagta Form 

17. Vorncrttung jajrri OtfchfOhfen ainas Varfahrans 
nach Anspruch % wobai ba^gt^ torichtung, d?© 
a^ Gafafr mm Form (105), * bssagtes 
GaM (102) In ainen xfcwm Tb\1 (103} und efner* 
mXmm 7®ipQ4) Mal(11 t), unrein KOhW 
talin beaagfan untaten Tail (104) ataaassan, MH~ 
t$ {112},. das KOhlmM eus bssagtem unteren 
M (104) 2u Lehman, Mfttel (ISO) mim 
der basagten Hohlr^urTte (1D6) mat Sislutscherio- 
sun^ M5tt^ (107) mm Bmogm baaagtar Hohh 
r£urrc$ (100). Mitiet sum BnfGhran von St&ben "m 
bassgta H<Mt$tt(m unterh&fe v$n bes&gtan 
mitten (1205 urcd fvlfttel zitfrs Eatnafomen dar gafro- 
Bzktmkwr aus besagten HoNlr^uman (105) 
ynd Mittel (108) zym Kufen baaagtan KuftNttate 
rnii fiQaasgeni Stjcftsfoff urofaBt, dadurcfr gekann- 
Rennet isl da8 besagia Form 006: 20$}. dta 
HoHf&unia (1 06; 206) bat aus wSrfnelaftf&l^garo 
MatanaS hargasta*!t isi und aim fnittfere St&nka von 
Wemtgstsim -1 aim nat 

IS. Die Vbfr&htung nach Ansprucb 17, dadurch 
g§kenn;retchnai da$ basagta rostfca Starka 
wankplerts 2 nTflri 1st 

19, Die ^rnefrttifig nash Anspfuch 17 odar 16, 
dadurch getesnmcefc^net, daB bssaglas w&rrnaf&t* 
f«Ngas Material m& dar Of upp£ ausgewahlt jsi, die 
Edeisteftf, Kupte*; Aluminium, Messing und Gsrmi- 

20, Die ^mchteg each Anspructf* 17,18 Oder 19, 
dadurch pkanrizgicbnat, da 8 besagte Form 
WetffgsSans ©nan Durchgang ftai durcb dsn alrr 

21* Die Vamcfilyng nach jeden^ der AnsprQehe 1? bis 
20, dadurcn gsksnn^chnet, daft Mitiei sum 

22. Die VbrHefrtung nach j^dern der Arisprychg 1 7 bis 
2t, dadurch gak^nm^cho^t, da^ $te Mtol sum 

sn^rsklgekONt wird, und in aine ^wsite Zone (103") 



©«§c^Mt cSe dumb jmchanisch^ KuhEung tncfi- 

23v Dfa Vomchtung nach jedem der Ansp^che 17 bis 
$ 22, dadurch g©ksmz©C-hR$t, da 6 m MM (121) 
sum Einfefhgen von Stlck^dff ays basagt^n KiM- 
mitteto {108} in obar^n M (103) ds$ teagto 

to 24v Dia Vdf nchtung mjch Jad^m der Ansprod^ 1 7 bi§ 
23, daditfcn gatenzeiGhnst. daS feaaagte 
mm Sewegan ba&agtar Honlrauma (106) einen 

rB W, yoftkMmg naGnjedem dar Anapracha 17 bis 24, 
ciadurcb gekannsaichn^t da^ m mm Tunnei 
{20^}.. ains Form $05) in Gestalt ^r>es unjjntarbro- 
cfenen Bandaa, dm in basagtaro TunmrpOS} 
man^ert ist wobat basagte Fdf m (20^) esna Vial- 

& zm\ von Hohlfflumsn (20S) darin hat ; MiM {209, 
210). um mn WMmtim 'm ba^agten Tunnel {202) 
eenzufassen, Mtttol zvm Htilm der basagten 
HohirQume (206) mis EbfutSGharSdsung. MHts! 
(225) ?-um Bew^gan besagt^r Hc^^Sisma (206) und 
M^a§ (224) zum FJntDhran von Siiban m teagta 
Hq6Mum& (208) untarhaib von b^gagtan Fyteit- 

Pfocade pour pr^parar das glaca$, aucettea gla- 
caBS ou esc^lmaux par cong^ata d un liquida 
aqusux. laqus! proc^d^ comprand ias 4tap@s cm- 

a) pra-rafftidir un moti^ a un® tanp^raiura 
SLiffjsamm^nt ffOtde pour qua !e l^usdaaqueux 
conger puissgt ^re tadiament 5sb^ du moula 
et a una tempemiure egaSe ou infenaure a - 
60*0 majs n'aMgnant pas tina tampasaiura 
iefe qua lalquida aqueux congste subisaa um 
d^^riorate d© structure ; 

b) trrtf odulre le Squkie aqueux dans rnoufe ; 
4 parmaiira au mosna ay ^qukje aqueux an 

^ contaci avec fe mmjJa da cangaiar at 

d) lib^rar l§ liqutda aquaux cong^E^ du moula. 

2, PfQ£&d£ pour la pf^paiation d^ne suG&tie glaoae 
du asquEmau par congelation d un }^U3da aqueux, 
[equal procad^ comprand las atapes cons^tant & : 

a) pr^refroidir un mode a una temperature 
siiff isanimant Irosde pour qua fa ftqu^de aqueux 
conge ia pu'sse ^tre faclian^nt iibaf^ du wufe 
55 ai a una femp#a?ura agal9 ou mfariaura ^ - 

60 C, C ma© aon inWaura a afin qua 
liqutde aqyeux congala na subissa pas da 
datarloration da atrudura ; 
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b) iofroduire Ja fiquide aqueux dan$ la nioula ; 
e) permettre au moins m liqude aquaux en 
contact avac la mouia de eongeler ; ft 
d) IMm la Ikpde aqueux conger du mouie 

3. Prrx^de salon rune que&onque dea f Bvendfc:3tions 
pre£Mentes> dans faquei (e ivsoute n'sst pas 'pr$? 
rated* & una temperature Irtfeneure & -S5°C. 

4. Precede sefers fa leverd'oakon 3. oarsct&is§.en;:c© ■ 
quele mouie n est pas pfe-refroidi a une tarnpafE- 
Sure *nf ensure 4 -80*C. 

& Proosde selon ia r^nfeto 4 : , oara&ense en ce 
que ie mauls est pre-ra?rok# a am temperature 

& Pf 0C6d£ selon rune queSconque das r avendfcailons 
pre^adentas, caraotense m ae quau mains una 
partis du Mute a une epaiaaeur de parol marine 
d ; au rosins i mm. 

7, PracMa aelon la revendkata 6, cafgefeiise an ce 
qu'au rooins une partfe du moule a une apaissw 
da pard rooyenne dau mim 2 mm. 

5. Proe£d a salon § 'une quelrasnque des revendicatlQris 
pra^entes, caractfe& m ce que la liqukfe 
aqueux oontieot du suor e 

9. Procada salon j'une queJconque de$ reverKlcatbns 
prasedemes, c^atfeose en c© que saul ie liquids 
aquaux contigu au mcute mi &isse a congeter pour 
former ^ne aouta ef en se que le proseda com- 
prend ^atape con&stan? a axiraire Je Isquide (non 
gefe) du rnouSa da sorts qua & croute forme une 

10, Proseese salon i'une queteonquedes revendications 
pi'ecedentes ( caractense m oa que la vitesse de 
fefradisseroaot dam le Nquide a 1 mm de ftnter*- 
tee antra & liquid? at ie mouta est d'au mains 
85Q 9 0/minuta &u mxm pendant la oongelata 'mh 
Me. 

It, Froeade salon !a revendication H, camctafis§ en 
aa qua & vitesse da relroidissenieni dau moms 

12, Praosde salon rune quetenc^adesrevendjeatsoris 
pr^c^antes;xarac:t^rise en ca que la Vitesse de 
tmnsfaft tharmiqua Dsnsacutivs I la lormation 
d'isrta croute conge^e rtfale est maintanue & m 
mmu suffsaant pouf empicher ta de^ong^tion 
detaorouta. 

13, Precede s^to rune queteonque das fevendjcations 
prlc&fentes, camcfer^ en ce. qua mou^e eat 



reiQurn^ pour fiberar Je liquide conge^ du mouia 

14 Proced^ s^on la ravandicate 13> dans deques is 
moijle ast secoui dans un pot pour facllte & Hb^ 
if- : ratton du Squids congd^ 

IS. Pfpced^ salon 3$ ravafidic^on 14, dans iaque^ 
moisle m\ dBScendu contra una foarra loraqul est 
relaurna pourfcifer Sa Iteration du liquid a con- 
gaia 

1& Rnac^d^ sefon l une qualoof^uades rewndsc^tions 
praGadentes> compranant f atape consisfant a utiN- 
sar una r^frigeralbn m^cansqua pour fadfe la 
oon^lato du ^uida aquaux apms introductJon 
dans )e moufe. 

17. Appareii pour la reattaation d'un proc^e seior? fa 
re¥endiGQfion 2 k rappareiS cornpr^nant un reotpiani 

so {102}, un moule (105) divfeant ia r^piam (102} sn 
une portion supanauni (103) et an una porta irtfe- 
r^ure : (1D4), des n^y^ns {111) pour recevo^ un 
agerst r^gfent dans portion toten aura (104), 
des rmyens (i VZ) pour p^!wer Is r^rigerant ds ia 

^ portion infaneurs {1G4}, des moyens '{120) pour 
retvpWr \m cmMs (1(56) d'une sdution de sucattes 
gk^cees ou dasquirnaux, des jr^oyans (107) pour 
d^piacer j@s cavJt^ (106), des mayen? pour \mo~ 
duire das Mtonnats dans ias cavftss an aval das 

3p n^ang d^ rampSi^Baga (120} ^t dos rno> j ans pour 
pre*avartem*cate 

lies d^s cavHa^ (105) at d$s moyenB (10B) pour 
reiroidjr I'agent rofrtgtont tog da S'azota iiquKta, 
caraclersse an ce qua |e mouie (105 ; 205} a des 
•3? cavrtes (106 .: 206): raaHs^es a partir d'un niaf eriau 
tharmiquernenf conducteor d : dune epaksaur 
moyanne d au rnoins i mm, 

la ;Appsreii mlm la . rey^itssftton 17. dans leque) 
*9 i'epaiasaijr rnoyenna est d'au moina 2 mm. 

19. Appan^i sebn revendfeato t? ou 18 ; dans 
laquarie mat^nau oonductaur Jnafmiquament ast 
oMai dans Se groups cornprenant j'aoiar Snoxyda- 

4$ ble ( la cuivra, ^lumsnjum, ia iaifon at tors melan- 
ges 

20. Apparei) selon fevendicaiicsi 17, '18, 19, dans 
] equal le mouia a ay moins un passage pour per- 

5^ metir© k un agent cryog^niqu© de la traverser 

21 . Appar^i sete Tuna queioonque des r^endiealjons 
17 a £0, oomprenant rnoyens pour puiverisar 
w agent r^ig#^t contra las cartas. 

m 

2Z Apparel saton rune qualoonqua des ravar^cations 
17 S 21. comprenam das moyena pour djvisar la 
portion infeffiaura an una pfemiare ^ona (103*) a 
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ttfmM Mhmtm^mi par rasote liquida at una 
secorsfe zm& (103") & refroidir indlfedsmen! par 
Line r#ng£rata rr^cantque, 

23, Appara?* sate rum queicK>r^ue d^r^nciscaik>rts s 
17a 22, corr^rmnt das moyans (1 21} pour Intro* 
dutfarazotea pariirdasmoyensdareW^ 

(100) dans la portion ^p^rieum (103} du r&^hsht 
(102). 

?c 

24, Apparel sateTunoqueiconquedss ravantfbatfor& 
i? 1 23, danslaquaf \m mGyen.spourdepfecer les 
caviMs (106) cosrjprannant m p^M>m 

2& Apparart seion toaquetoqye ^vencikjations 
17 a 24, comprenant tin tenel (20£) k un moula 
■{205}: sous forme da barsde oonfca mont§e dans 
1$ tone! (2025, ^ mode (205} ayani urts :piufa!H& 
da cavity {208}, cfes moyans (209 : 21 0) pour per- ^ 
mettre ^amenes d un agent refrigerant dans ie&n- 
nai (202). das moyens (220) pom rmpk- 
cavitea (206) avec una solution de sucettes giac£as 
ots Esquimaux, das moyeris (325) pour d^pfacer las 
cavity {206} at das movers {224} pour introduce ^ 
les ijfetQnnets dana tes cayjtes {206} an aval des 
rroyens da rampfeaga f220). 
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